The effect of thyroid hormone on the high affinity Ca2+-ATPase activity in rat liver plasma membrane was studied.
Thyroid hormone is known to regulate ion transport across the cell membrane. Na+-K+-dependent adenosine triphosphate phosphohydrolase plays an important role in transmembrane active Na+ transport. The enzyme activity is increased by thyroid hormone administration to animals (Ismail and Edelman, 1970 , 1971 , 1974 , 1975 Katz and Lindheimer, 1973 ; Asano et al., 1976 ; Philipson and Edelman, 1977) . It is postulated that thyroid hormone enhances the de novo synthesis of the subunits of Na+-K+-ATPase (Philipson and Edelman, 1977) and that the hormone increases the number of enzyme units on the plasma membrane (Lo and Edelman, 1976 ; Lo and Lo, 1981 ; Lo et al., 1976) . Extracellular concentration of free Ca2+, as well as that of Nat, is higher than that in cytoplasm (Ashley, 1977 ; Baker, 1978) . The cell undergoes a continuous passive entry of external Ca2+ down its ionic gradient, which has to be counter-acted by an active extrusion of intracellular Ca2+. This Ca2+ extrusion system on the plasma membrane is an energy-dependent Ca2+ pump which has been identified as Ca2+-stimulated ATPase (Schatzmann and Vincenti, 1969) . Although it is possible that these Ca2+-ATPases are modified by thyroid hormone (Davis and Blas, 1981 ; Gowasmi and Rosenberg, 1981 ; Davis et al., 1982) , the precise relationship between thyroid hormone and ATPase is not known.
The plasma membrane of a cell contains two different Ca2+-stimulatable adenosine triphosphatase activities. One of them is a low affinity non-specific divalent cationATPase (Garnett and Kemp, 1975) . The other is a Ca2+-stimulated magnesiumdependent ATPase which possesses a high affinity for Ca2+ and characteristics which consists with those of a Ca2+ extrusion pump. This Ca2+-pumping ATPase has been extensively studied using erythrocyte plasma membrane and the activity of the enzyme has been known to be dependent on calmudulin (Niggeli et al., 1981 ; Lichtman et al., 1981 ; Caroni and Carifori, 1981 ; Kirchberger and Antonetz, 1982) . Recently, another type of high affinity Ca2+-ATPase has been reported. The enzyme was found in the plasma membrane of adipicyte (Pershadsigh and McDonald, 1980) , corpus luteum (Verna and Penniston, 1981 ; Soloff and Sweet, 1982) and hepatocyte (Lotersztajn et al., 1981 ; Iwasa et al., 1982 a, b) . The high affinity Ca2+-ATPase in these tissues is not dependent on calmodulin (Verna and Penniston, 1981 ; Lotersztajn et al., 1981 ; Iwasa et al., 1982) . This calmodulin-independent high affinity Ca2+-ATPase also has an important role in maintaining a Ca2+ extrusion system (Pershadsigh and McDonald, 1980) . Although thyroid hormone increases intracellular Ca2+ concentration in these tissues (Shears and Bronk, 1981) , it is not known whether thyroid hormone influences the enzyme activity. In this study, we examined the effect of thyroid hormone on the calmodulin-independent high affinity Ca2+-ATPase using rat liver plasma membrane and we obtained results which indicate that thyroid hormone decreases the enzyme activity. 
Results
Localization and characteristics of the high affinity Ca2+-ATPase in rat liver Rat liver plasma membrane was purified using sucrose density gradient centrifugation as mentioned in Materials and Methods. Fractions that appeared at the interfaces of 37.0 %/25.0 % (A), 41.0 %/37.0 % (B), and 45.0 %/41.0 % (C) were collected separately. Na+-K+-ATPase and high affinity Ca2+-ATPase activities were measured in each fraction. As shown in Fig. 1 , Na+-K+-ATPase activity was highest in fraction A. This fraction was enriched with high affinity. Ca2+-ATPase activity. Fraction C also contained a high affinity Ca2+-ATPase activity. In this fraction, however, Na+-K-F-ATPase activity was almost not detected and sodium azide-sensitive ATPase activity was detected, suggesting that fraction C contained a high amount of mitochondria. We used fraction former was higher and the latter was significantly lower compared to those obtained in untreated animals. On the other hand, in T4-treated thyroidectomized-rats, the former was lower and the latter was significantly higher compared to those of untreated animals (Table 1 ).
In vitro effect of thyroid hormone on the high affinity Ca2+-ATPase in the plasma membrane The ability of thyroid hormone for its inhibitory action on the high affinity Ca2+-ATPase activity in the rat liver plasma membrane was studied in vitro. The plasma membrane, which was used in this study, was prepared from untreated rats. T4 and/ or T3 did not inhibit the enzyme activity. Preincubation of the plasma membrane with T4 or T3 also failed to inhibit Ca2+-ATPase. However, high concentrations of the hormone (10-4 M) slightly inhibited enzyme activity (Table 2 ).
Discussion
The extracellular free Ca2+ concentration is more than 104 fold greater than that in the cytoplasma (Ashley, 1977 ; Baker, 1978) . Ca2+ enters the cell passively. The continuous passive entry is offset by energydependent processes that extrude Ca2+ from the intracellular compartment against its electrochemical gradient.
There are two mechanisms to extrude intracellular Ca2+. One is the direct effect of Ca2+-ATPase to catalize the export of Ca2+ (Schatzmann and Vincenti, 1969) . Another extrusion process employs an exchange carrier which couples to the electrochemical gradient for Na+ (Gill et al., 1981 ; Gill, 1982) .
Thyroid hormone enhances Ca2+ efflux from mitochondria (Shears and Bronk, 1981) . The stimulation of mitochondrial Ca2+ efflux may result in an increase in cytoplasmic Ca2+ concentration.
In this state, Ca2+-pumping ATPase may also be modified to maintain intracellular Ca2+ concentration constant. The calmodulin-dependent Ca2+-ATPase, which is one of the high affinity Ca2+-ATPase, is reported to be stimulated by thyroid hormone in vitro (Davis and Blas, 1981 ; Davis et al., 1982) . However, the relationship between thyroid status and calmodulinindependent high affinity Ca2+-ATPase, which THYROID HORMONE AND Ca2+-ATPase 147 is important to promote extrusion of intracellular Ca2+ in many tissues, is not certain.
In this study, we have demonstrated that thyroid hormone administration to animals diminishes the activity of the calmodulinindependent high affinity Ca2+-ATPase. The decrease in the enzyme activity, which is induced by thyroid hormone, may play a role to diminish the activity of extrusion of intracellular Ca2+. During the treatment of animals with T4, Na+-K+-ATPase activity in liver plasma membrane, on the cotrary, increased with time dependent fashion as reported (Ismail and Edelman, 1970 , 1971 , 1974 , 1975 Katz and Lindheimer, 1973 ; Asano et al., 1976 ; Lo and Edelman, 1976 ; Philipson and Edelman, 1977 ; Gambert et al., 1981) . The results suggest that thyroid hormone induces modifications of many ions transport system at the plasma membrane. Although the biochemical relationships, as those of molecule-molecule interactions, between Na+-K-HATPase and high affinity Ca2+-ATPase are not certain, it is postulated that these enzymes act cooperatively on the regulation of intracellular cations concentration (Gill et al., 1981 ; Gill, 1982) .
The thyroid hormone-induced Ca2+-ATPase modulation was not observed in in vitro studies. 10-12-10-4 M of T3 or T4 failed to modify the enzyme activity. The results give a hypothesis that thyroid hormoneinduced inhibition of the high affinity Ca2+-ATPase is mediated by a process of protein synthesis. However, it is not yet certain whether or not the number of enzyme units in the plasma membrane is decreased by thyroid hormone.
Since activator or inhibitor proteins for the enzyme have been identified in the plasma membrane (Lotersztajn et al., 1981 ; Lotersztajn and pecker, 1982) , thyroid hormone may interact with these proteins.
In this study, we have shown that thyroid hormone modifies the Ca2+ transport system at the plasma membrane by inhibition of 
